INTRODUCTION
============

Hypertension is an established risk factor for adverse cardiovascular outcomes, including heart failure, myocardial infarction, stroke and cardiovascular death ([@B1]-[@B5]). The incidence of morbidity and mortality related to myocardial infarction and coronary heart disease has been increased in Korea. The prevalence of antecedent hypertension in patients with acute myocardial infarction (AMI) varies from 31% to 59% ([@B6]-[@B8]). Several studies have reported that a history of hypertension was shown to be associated with an increased rate of adverse outcomes after AMI such as stroke, heart failure and cardiovascular death ([@B9], [@B10]). Although exact mechanisms are not clear, the increased incidence of AMI or sudden death in hypertensive patients seems to be related to endothelial damage, atherosclerosis, insulin resistance, left ventricular hypertrophy, and ventricular arrhythmias ([@B11]). However, long-term prognostic impact is still controversial. Nevertheless, Korea Acute Myocardial Infarction Registry (KAMIR) is in search for better AMI management and preventive care, as well as investigating the risk factors for mortality in AMI patients.

The aim of the present study was to evaluate the impact of hypertension on the in-hospital events as well as one year clinical outcomes of patients with AMI in the Korean population.

MATERIALS AND METHODS
=====================

Korea Acute Myocardial Infarction Registry
------------------------------------------

The KAMIR is a prospective, multi-center and observational on-line registry designed to examine current epidemiology, in-hospital management, and outcome of patients with AMI in Korea. A total of 50 university hospitals and community hospitals with facilities for percutaneous coronary intervention (PCI) and on-site cardiac surgery, were registered in KAMIR. This study protocol included age, sex, body mass index, initial symptom, vital sign, Killip class, symptom onset time, ambulance arrival time, first medical contact time, transfer time from the first hospital to the primary PCI centers, door to needle time, door to balloon time, risk factors, past medications, co-morbidities, electrocardiographic locations of AMI, initial treatment strategy, drugs, coronary angiographic findings, in-hospital complications, medical therapy in hospital and 1, 6, 12-month follow-up major adverse cardiac event (cardiac death, reinfarction, re-PCI, coronary artery bypass graft) ([@B12], [@B13]).

Patients population, definition, follow-up of major adverse cardiac events (MACE)
---------------------------------------------------------------------------------

A total of 8,568 patients with acute MI were enrolled in KAMIR from November 2005 to December 2006, and 7,784 patients (5,430 male and 2,354 female, 64.4±12.9 yr) were evaluated in the present study.

AMI was diagnosed if typical rise and gradual fall (troponin) or more rapid rise and fall (creatine kinase-MB) with at least one of the following criteria were satisfied: 1) ischemic symptoms, 2) development of pathologic Q waves on the electrocardiographic reading, 3) electrocardiographic changes indicative of ischemia (ST-segment elevation or depression), 4) coronary artery intervention. Acute myocardial infarction was subcategorized into ST-segment elevation myocardial infarction (STEMI) or non-ST-segment myocardial infarction (NSTEMI). STEMI was manifested by ST-segment elevations or hyperacute T waves, and then by T wave inversions, often associated with evolution of pathologic Q waves. Clinically significant ST-segment elevation is considered to be present if it is greater than 1 mm (0.1 mV) in at least two contiguous precordial leads or in at least two adjacent limb leads and is not attributable to non-ischemic causes. NSTEMI was manifested by ST-segment depressions or T wave inversions without Q waves with corroborating laboratory evidence of infarction.

Information on antecedent hypertension and other baseline data were assessed at first visit. Patients who reported a diagnosis of hypertension were considered to have hypertension or antihypertensive medications antecedent to their MI. Blood pressure was recorded at first visit and patients with a systolic blood pressure \<90 mmHg on admission were considered to have low blood pressure. The left ventricular ejection fraction (LVEF) was obtained and averaged in apical 4- and 2-chamber views by modified Simpson\'s method.

Initial treatment strategy was composed of reperfusion therapy, including primary PCI, facilitated PCI and thrombolytics, and conservative treatment in STEMI and early invasive treatment including early invasive PCI and early conservative treatment in NSTEMI. Primary PCI was defined as: 1) PCI that was performed within 12 hr at admission, 2) PCI that was performed after 12 hr at admission because of continuing symptom, 3) PCI that was performed within 36 hr at admission because of cardiogenic shock. Facilitated PCI refers to a strategy of planned immediate PCI after administering drugs to reduce blood vessel obstruction before the procedure. Early invasive PCI was defined as PCI in NSTEMI within 48 hr because of continuing symptom. Elective PCI was defined as scheduled PCI in patients without symptom.

MACE at 6 months and one-year clinical follow-up were evaluated. MACE was defined as the composite of 1) all cause death, 2) non-fatal MI, and 3) re-PCI or coronary artery bypass graft (CABG). All data were recorded on a standardized, electronic, web page-based case report form (<http://www.kamir.or.kr>) ([@B12], [@B13]).

Statistical analysis
--------------------

The statistical Package for Social Sciences (SPSS) for Windows, version 12.0 (Chicago, IL, U.S.A.) was used for all analyses. Continuous variables were presented as the mean value±SD; comparisons were conducted by Student\'s t-test. Discrete variables were presented as percentages and relative frequencies and comparisons were conducted by chi-square statistics or Fisher\'s exact test as appropriate. Logistic regression analysis was performed to identify the independent predictors of primary end points. A *P* value \<0.05 was considered statistically significant.

RESULTS
=======

Baseline clinical and laboratory characteristics of the study population
------------------------------------------------------------------------

In [Table 1](#T1){ref-type="table"}, 7,784 eligible patients (5,430 male and 2,354 female, 64.4±12.9 yr) were analyzed. Among them, 3,775 patients (48.5%) reported antecedent hypertension.

The patients with antecedent hypertension were older (66.8±11.9 yr vs. 62.1±13.4 yr, *P*\<0.001) and more often female (38.4%±22.6%, *P*\<0.001) than the normotensive patients.

On admission, systolic and diastolic blood pressures were higher in the patients with antecedent hypertension. Diabetes mellitus, hyperlipidemia, heart failure, cerebrovascular disease, peripheral artery disease, previous MI, previous angina, previous PCI and previous CABG were more significantly common in hypertensives, compared with in normotensives. On admission, the hypertensive patients more frequently presented with non ST-segment elevations on the electrocardiogram (44.7% vs. 36.6%, *P*\<0.001).

The level of serum creatinine, glucose, triglyceride, N-terminal pro-brain natriuretic peptide (NT-proBNP) were higher in hypertensives than in nonhypertensives, but the level of maximum creatine kinase-MB and low density lipoprotein-cholesterol were lower.

Initial treatment strategy of STEMI and NSTEMI
----------------------------------------------

There were no differences in initial treatment strategy of STEMI between the two groups ([Table 2](#T2){ref-type="table"}). However, hypertensives received more frequently conservative treatments in NSTEMI (45.0% vs. 38.1%, *P*\<0.001).

Coronary angiographic findings and procedural characteristics
-------------------------------------------------------------

Left anterior descending artery (LAD) was the most common infarct related artery (IRA) in both two groups. LAD was the less common IRA in hypertensives than in nonhypertensives (47.0% vs. 50.6%, *P*=0.006). Multivessel disease was more common in hypertensives (63.6% vs. 48.4%, *P*\<0.001). Lesion type B2 or C according to the American College of Cardiology/American Heart Association (ACC/AHA) classification was more common in hypertensives (79.2% vs. 77.0%, *P*=0.039). Thrombolysis In Myocardial Infarction (TIMI) 0-1 flow was present in 53.7% in hypertensives and 55.4% in nonhypertensives (*P*=0.186).

There was no difference in TIMI flow grade 3 after procedures in the two groups. Drug eluting stent was used in most cases in both groups (91.5% vs. 92.2%, *P*=0.379). The average diameter of stents was larger in nonhypertensives (3.2±0.4 mm) than in hypertensives (3.1±0.4 mm) (*P*\<0.001). The number of implanted stents were significantly higher in hypertensives compared with nonhypertensives (1.6±0.9 vs. 1.5±0.8, *P*\<0.001).

In-hospital clinical outcomes and medications at discharge
----------------------------------------------------------

In [Table 3](#T3){ref-type="table"}, the hypertensive patients suffered from a higher incidence of complications during admission (14.6% vs. 12.2%, *P*=0.002), acute renal failure (1.5% vs. 0.5%, *P*\<0.001), shock (0.7% vs. 0.4%, *P*=0.046), major bleeding (0.7% vs. 0.4%, *P*=0.046) and cerebrovascular disease (0.9% vs. 0.5%, *P*=0.033) than the nonhypertensive group. The incidence of in-hospital death was significantly higher in hypertensives (5.9% vs. 4.0%, *P*\<0.001).

The hypertensive patients were more frequently prescribed various medications at the time of discharge from hospital, including angiotensin receptor blocker (21.9% vs. 14.7%, *P*\<0.001), beta blocker (71.0% vs. 67.6%, *P*=0.002), calcium channel blocker (15.7% vs. 9.9%, *P*\<0.001) and diuretics (24.8% vs. 20.7%, *P*\<0.001) as compared with the nonhypertensive patients.

Multi-variate analysis of in-hospital mortality
-----------------------------------------------

To find clinical factors that could predict the occurrence of in-hospital death, we used a logistic regression model in which in-hospital death was the dependent variable. The following risk factors were entered as independent variables: old age, female sex, post procedural TIMI flow grade ≤2, systolic blood pressure \<90 mmHg on admission, LVEF \<45%, Killip class ≥III, multivessel disease, antecedent hypertension, diabetes mellitus, and administration of reperfusion therapy. Results of logistic regression demonstrated that old age, post procedural TIMI flow grade ≤2, systolic blood pressure \<90 mmHg on admission, LVEF \<45%, Killip class ≥III, multivessel disease and antecedent hypertension were independent predictors for in-hospital mortality ([Table 4](#T4){ref-type="table"}).

Multi-variate analysis for predictors of one-year mortality
-----------------------------------------------------------

The cumulative incidence of MACE at one year was 27.6% in hypertensives and 22.7% in nonhypertensives (*P*=0.001). Cardiac death during one-year occurred in 16.1% in hypertensives and 11.0% in nonhypertensives (*P*\<0.001). However, the rates of non-cardiac death, myocardial infarction, re-PCI and CABG were not different between the two groups during one-month and one-year follow-up.

To find clinical factors that could predict the occurrence of one-year mortality, we used a logistic regression model in which one-year mortality was the dependent variable. The following risk factors were entered as independent variables: old age, female sex, post procedural TIMI flow grade ≤2, LVEF \<45%, Killip class ≥III, multivessel disease, antecedent hypertension, diabetes mellitus, the use of bare metal stents, administration of reperfusion therapy and beta blockers. Results of logistic regression demonstrated that old age, Killip class ≥III and multivessel disease were independent predictors for one-year mortality. However, antecedent hypertension was no longer an independent predictor of one-year mortality ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

KAMIR study revealed that a history of hypertension independently contributed to a higher in-hospital mortality in patients of AMI. However, we did not find significant association between antecedent hypertension and one-year mortality by multivariate analysis.

Epidemiologic studies of treated and untreated hypertensive patients confirmed that there were gradually increasing incidence of coronary disease, stroke and cardiovascular mortality as the blood pressure rises above 110/75 mmHg ([@B14]). Similar observations have been made in patients with known coronary heart disease (CHD) ([@B15]). CHD is estimated to be the leading cause of death in the developing as well as in the developed world. In particular, several studies have reported that antecedent hypertension after myocardial infarction is associated with adverse cardiovascular outcomes such as stroke, heart failure, and cardiovascular death ([@B9], [@B10], [@B16]). Although mortality rates for CHD including AMI have been declined in several developed countries in the past decades ([@B17], [@B18]), the incidence of CHD including AMI and mortality rate from the case fatality have been increased in Korea ([@B19], [@B20]).

Similar to previous study ([@B21]), KAMIR revealed the differences in demographic parameters in antecedent hypertensives with AMI compared with normotensives. The hypertensive patients tend to be older, and female. There is also a greater prevalence of diabetes mellitus, hyperlipidemia, heart failure, cerebrovascular disease, peripheral artery disease, and previous coronary heart disease with PCI.

The hypertensive patients received different pharmacological treatment from nonhypertnesives in AMI. In our study, no differences were observed in the use of aspirin, clopidogrel, angiotensin converting enzyme inhibitor, nitrate, nicorandil or statin. However, the hypertensive patients received angiotensin receptor blocker, beta blocker and calcium channel blocker more frequently than the nonhypertensive patients. The comorbidity associated with arterial hypertension such as heart failure and angina pectoris may be responsible for the increased protective prescription of medication in these patients. PCI, if performed in a timely fashion, is the reperfusion therapy of choice in patients who have had AMI ([@B22], [@B23]). In reality, Song et al. ([@B24]) have reported that the rate of primary PCI in Korea was much higher than other countries, and the KAMIR data confirmed this higher rate. There was no difference in revascularization rate in both two groups. Low systolic pressure on admission was an independent predictor of in-hospital mortality.

Mauri et al. ([@B25]) have reported that a history of hypertension in AMI was associated with an increased risk of hemodynamic complications and an increased incidence of sudden death. Our results also revealed that old age, low post procedural TIMI flow grade, low systolic blood pressure on admission, low LVEF, high Killip class, multivessel disease and antecedent hypertension were strongly associated with in-hospital mortality. Hypertension also increased risk of cardiac death and overall MACE during one-month, and one-year follow-up after MI. Multi-vessel disease and complex lesion in coronary angiography also associated with poor outcomes in hypertensive patients ([@B26]). However, in contrast to previous study ([@B27]), our study did not reveal that a history of hypertension independently contributes to a higher mortality during one-year of follow-up. The poor outcomes after AMI are probably attributable not to antecedent hypertension but to the concomitant existence of other risk factors such as an old age, high Killip class and multivessel disease. These factors are known to imply poorer prognosis in myocardial infarction ([@B28]). White et al. ([@B29]) reported that clinical outcomes remained poor in elderly patients with heart failure and/or impaired left ventricular systolic function after acute myocardial infarction, although most received beta-blockers and all received an ACE inhibitor and/or an angiotensin receptor blocker.

This study has several limitations. First, our study is multicenter prospective registry, and it was not a randomized, controlled study. Thus, there could have been a selection bias in enrolled patients. Second, the patients of undetected hypertension with low blood pressure on admission was left out in the analysis and some people were not followed up for one year. Therefore, there was a possibility of higher mortality in patients with AMI. Third, we obtained the results for the blood test from different laboratories, therefore it was possible that different laboratories may produce different results for the same sample of blood. Fourth, a value of blood pressure at follow-up was not recorded in the registry, therefore the relation between the adequate control of blood pressure and the prognosis of the patients was not estimated. Fifth, whether long term and more aggressive treatment of elevated blood pressure in patients with AMI can reduce adverse outcomes or not remains unknown ([@B10]).

There are large-scale, nationwide or worldwide AMI registration programs, such as A National Registry of Myocardial Infarction in the U.S. in 1998, A National Survey of Acute Myocardial infarction and Ischemia (SAMII) in the U.K. in 2000, The Maximal Individual TherRapy of Acute Myocardial Infarction (MITRA) in Germany in 2002 and the Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) projects. The World Health Organization now suggests efficient AMI management systems beyond providing detailed information. KAMIR is also expected to make a contribution to the establishment of better AMI management and preventive care, as well as investigating the risk factors for mortality in AMI patients.

This study was carried out with the support of the Korean Circulation Society (KCS) in commemoration fund for the 50th Anniversary of the KCS.
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Baseline clinical and laboratory characteristics
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PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-STEMI; HDL-C, High density lipoprotein-cholesterol; LDL-C, Low density lipoprotein-cholesterol; hs-CPR, High sensitivity C-reactive protein; NT-proBNP, N-terminal pro-brain natriuretic peptide.

###### 

Initial treatment strategy in STEMI

![](jkms-24-800-i002)

STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention.
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In-hospital clinical outcomes
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###### 

Multi-variate analysis for the predictors of in-hospital mortality
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TIMI, Thrombolysis In Myocardial Infarction; SBP, systolic blood pressure; LVEF, Left ventricular ejection fraction.

###### 

Multi-variate analysis for the predictors of one-year mortality
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LVEF, Left ventricular ejection fraction; TIMI, Thrombolysis In Myocardial Infarction.
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